Background: Placental defects in somatic cell nuclear transfer (SCNT) are a major cause of complications during pregnancy. One of the most critical factors for the success of SCNT is the successful epigenetic reprogramming of donor cells. Recently, it was reported that the placental weight in mice cloned with the aggregated SCNT method was significantly reduced. Here, we examine the profile of abnormal gene expression using microarray technology in both regular SCNT and aggregated SCNT placentas as well as in vivo fertilization placentas. One SCNT embryo was aggregated with two 2 to 4 -cell stage tetraploid embryos from B6D2F1 mice (C57BL/6 × DBA/2). Results: In SCNT placentas, 206 (1.6%) of the 12,816 genes probed were either up-regulated or down-regulated by more than two-fold. However, 52 genes (0.4%) showed differential expression in aggregated SCNT placentas compared to that in controls. In comparison of both types of SCNT placentas with the controls, 33 (92%) out of 36 genes were found to be up-regulated (>2-fold) in SCNT placentas. Among 36 genes, 13 (36%) genes were upregulated in the aggregated SCNT placentas. Eighty-five genes were down-regulated in SCNT placentas compared with the controls. However, only 9 (about 10.5%) genes were down-regulated in the aggregated SCNT placentas. Of the 34 genes known as imprinted genes, expression was lower in SCNT placentas than that in the controls. Thus, these genes may be the cause of placentomegaly in mice produced post SCNT. Conclusions: These results suggest that placentomegaly in the SCNT placentas was probably caused by abnormal expression of multiple genes. Taken together, these results suggest that abnormal gene expression in cloned placentas was reduced in a genome-wide manner using the aggregation method with tetraploid embryos.
Background
Somatic cell nuclear transfer (SCNT) in animals has the potential to be used in a wide range of applications such as species preservation, livestock propagation, and gene targeting [1] . However, this technology is inefficient and results in various abnormalities, leading to high pregnancy losses and neonatal deaths [2] . Although the cloned fetuses attain full term, placentomegaly is a common phenotype observed in cloned animals, irrespective of donor cell type and strain [3] [4] [5] . Placentomegaly mainly seems to arise from an abnormally expanded spongiotrophoblast layer with an increased number of glycogen cells, and irregular borderlines between the labyrinthine and spongiotrophoblast layers [6] . Interestingly, the same pattern of placentomegaly was also observed in interspecies hybridization [7, 8] , during sperm injection following introduction of somatic cell cytoplasm into an oocyte [9] , and in knockout mice with imprinting genes such as EsxI [10] , Ipl [11] , and H19 [12] . Thus, reduction in placental weight is necessary to obtain live and normal fetuses in SCNT.
Several global gene expression analyses using microarrays of more than 10,000 genes were conducted on samples from neonatal placenta to reveal a cluster of abnormally expressed genes [13] [14] [15] in the placentas of cloned mice. Of those SCNT-derived embryos that develop to full term, up to 40% have large offspring syndrome (LOS), characterized by hydrops of the fetus, lethargy, and respiratory distress [15] [16] [17] . Aggregation of embryonic stem (ES) cells with tetraploid blastocysts has been successfully conducted in mice [18, 19] , and chimeric monkeys were produced by the aggregation of 4-cell embryos [20] . We also reported that aggregated SCNT significantly reduced placental weight of cloned mice and improved SCNT efficiency [5] . However, the differences in the genetic pattern of aggregated SCNT embryos and SCNT embryos are not clearly identified. It is therefore very important to analyze the differences in gene expression between the two types of SCNT embryos. In addition, these results will offer important information in solving the problem of lethality in cloned mice production.
In this study, the mRNA expression profiles of SCNT and aggregated SCNT placentas were analyzed using microarray technology. Many genes were found to be differentially expressed between the SCNT and aggregated SCNT placenta. These results further provide evidence supporting the importance of placental abnormalities in cloned animal production.
Methods

Placental samples
B6D2F1 mice (C57BL6 × DBA/2) were used to prepare oocytes and cumulus cells. Two-celled embryos were electrofused to produce one-cell tetraploid embryos. Tetraploid embryos were then aggregated with SCNT embryos. One embryo was aggregated with two 2 to 4 cell tetraploid embryos. Detailed methods are described in a previous report [5] . MII oocytes were collected from 6 to 12-weekold females (69 mice). Embryos electrofused were transferred to the foster mothers (47 mice). All recipient females were euthanized at 19.5 dpc and placentas were obtained. Finally, we produced a total of 36 clone mice and placental samples. The protocol was approved by the Committee on Ethics of Animal Experiments at the Hankyong National University (Permit Number: 2014-4).
Microarray analysis
Total RNA was extracted from five SCNT placentas, six aggregated SCNT placentas, and four controls by using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, USA) and purified using RNeasy columns (Qiagen, Valencia, USA), according to the manufacturers' protocols.
Labeling and purification
Total RNA was amplified and purified using the Ambion Illumina RNA amplification kit (Ambion, Austin, USA) to yield biotinylated cRNA, according to the manufacturer's instructions. Briefly, 550 ng of total RNA was reverse-transcribed to cDNA using a T7 oligo(dT) primer. Second-strand cDNA was synthesized, transcribed in vitro, and labeled with biotin-NTP.
Hybridization and data export
The labeled cRNA samples (0.75 μg) were hybridized to the Illumina MouseRef-8 v2 expression BeadChip (Illumina, Inc., San Diego, USA) for 16-18 h at 58°C, according to the manufacturer's instructions. Detection of the array signals was carried out using Amersham Fluorolink Streptavidin-Cy3 (GE Healthcare Bio-Sciences, Little Chalfont, UK), following the bead array manual. Arrays were scanned with an Illumina bead array reader confocal scanner. Array data analysis was performed using Illumina Genome Studio v.2009.2 (Gene Expression Module v.1.5.4).
Raw data preparation and statistical analysis
The raw data were extracted using the software provided by the manufacturer (Illumina Genome Studio v.2009.2). The array data were filtered using a detection p-value < 0.05 (a signal value higher than that of the background was required to obtain a detection p-value < 0.05). The selected gene signal value was logarithmically transformed and normalized. Comparative analysis between 2 groups was carried out by p-value evaluation, using the local-pooled-error test (adjusted Benjamini-Hochberg false discovery rate controlled by 5%) and fold-change. Biological ontology-based analysis was performed using the Panther database (http://www.pantherdb.org). In addition to these statistical criteria, genes whose expression differed by more than two-fold were considered differentially expressed between the two groups.
Quantitative real-time PCR (qRT-PCR)
To validate the microarray data, 12 genes (viz., Plac1, Slc38a4, Rprml, Pla2g4f, Pla2g4d, Hsd17β7, Hmox1, Chac1, Car2, Slpi, Nrn1l, and H19) from different categories were chosen for qRT-PCR analyses. The expression of these genes was either up-and down-regulated by more than two-fold. qRT-PCR was performed with the same placenta used in the microarray analyses.
Primer sequences are outlined in Additional file 1: Table  S1 along with the primer annealing temperatures. The primers were designed with the help of Primer 3 software (www.bioneer.co.kr/products/Oligo/CustomOligonucleotides-overview.aspx). Gene expression was analyzed from 5 SCNT placentas and 3 control placentas. The β-actin (ACTB) gene was used as the endogenous control, and the results of the analysis were calculated by using the 2 -ΔΔCT method for quantitative relationships.
Results
Abnormal gene expression profiles between SCNT, aggregated SCNT, and control placentas
The mouse placentas derived from SCNT, aggregated SCNT, and in vivo fertilized controls were analyzed for their global gene expression patterns using the microarray method. The placental weight of the control, aggregated SCNT, and SCNT was 0.147 g (n = 8), 0.215 g (n = 9), and 0.287 (n = 27), respectively, as previously described [5] .
Gene transcription levels were detected in the microarray analysis using 12,816 gene probes. Genes showing >2-fold difference in expression were identified for 15 placentas (SCNT, 5; aggregation SCNT, 6; control 4). Figure 1a shows the gene expression differences between control and SCNT placentas. The expression of 206 (1.6%) of 12,816 genes was found to differ by at least two-fold between the SCNT placentas and the controls. Similarly, 159 genes showed different expression between the SCNT placentas and the aggregated SCNT placentas (Fig. 1b) . However, 52 (0.4%) genes showed difference (>2-fold) in expression between the aggregated SCNT placentas and the controls (Fig. 1c) .
Co-up-and down-regulated genes in SCNT and aggregated SCNT placentas compared with controls Many of the differentially expressed gene probes were common to the two types of clones, whereas some were deregulated either in SCNT placentas or in the aggregated SCNT placentas alone. Of the 36 genes up-regulated in SCNT placentas, 10 (27.7%) were commonly up-regulated in the aggregated SCNT placenta group. Ten genes [Pla2g4f, Car2, Tekt1 (probe1), Tekt1 (probe2), Pla2g4d, Rprm1, Hsd17b7, Hic1, Hmox1, and Coll15a1] were up-regulated (>2-fold) in both SCNT and aggregated SCNT placentas (Table 1) . However, three genes (Abcc10, Prss22, and Slc22a18) were only up-regulated in the aggregated SCNT placentas. The number of genes showing >2-fold up-regulation in the SCNT placentas was decreased by 33% (from 39 to 13) in the placentas obtained by aggregated SCNT.th=tlb=
In Table 2 , we have identified the genes showing significant downregulation (>2-fold) in the SCNT, aggregated SCNT, and control placentas. Eighty-five genes were found to be downregulated in SCNT placentas in comparison with their expression in the controls. In contrast, 16 of these genes (18%) (Sftpd, Tph, 2010109103Rik, Cbx7, Osta, Serpina10, Macb, Fcgrt, Bex2, 84304C8G22Rik, Acox2, Vdr, Dab2, Cfi, Ltf, and Dab2) were upregulated in aggregated SCNT placentas in comparison with their expression in the controls. Five of the 85 genes (6%) (Inhba, Chac1, Nrn11, Tnfrsf11b, and Slpi) were down-regulated (>2-fold) in both types of SCNT placentas compared to their expression in the controls (Table 2 ). Four genes (Nppb, 1200015F23Rik, Uap1, and Ctsm) were only downregulated (>2-fold) in the aggregated SCNT placentas. These abnormalities in gene expression were significantly reduced with the use of the aggregated SCNT method.
Up-and down-regulated genes in SCNT and aggregated SCNT placentas
We next compared the expression patterns of the upregulated (>2-fold) genes between SCNT and aggregated SCNT placentas. Twenty-one genes showed higher expression in SCNT placentas than in aggregated SCNT placentas. Four of these genes (19%; Ermap, Prl4a1, Sbsn, and Serpinb9d) also showed >2-fold higher expression in the SCNT placentas than in the controls. Additional seven genes (30%; Atf4, Atp6v1d, Fmr1nb, Gnaq, Riok1, Tomm22, and Zfp330) showed >2-fold lower expression in the aggregated SCNT placentas than a b c Fig. 1 Hierarchical cluster of expression profiles in placentas of both types of cloned mice and the in vivo fertilization placenta (control). a A cluster of 206 genes between the control and the SCNT placentas, (b) a cluster of 159 genes between aggregated SCNT and SCNT placentas, and (c) a cluster of 52 genes between aggregated SCNT and control placentas. Expression of more than 2-fold difference is indicated by increasing red intensity and green indicates reduced expression. SCNT, con = control in the controls (Table 3) . We also analyzed the expression patterns of the down-regulated (p<0.05 and >2-fold) genes between both SCNT groups. Of the 102 genes that showed lower expression in the SCNT placentas than in the aggregated SCNT group, 53 (51%) had even lower expression than that observed in the controls. However, four genes were up-regulated and one gene (Slpi) was down-regulated in the aggregated SCNT placentas compared with that in the controls (Table 4) .
Biological process and functional prediction of the differentially expressed genes
We further analyzed the data to obtain more insights into the biological processes and functions of the differentially expressed genes. The distribution of 206 genes that showed differential expression (of at least 2-fold) between the SCNT placentas and the controls, as well as their distribution in different gene ontology (GO) categories, is given in Additional file 2: Figure S1 and Additional file 3: Figure S2 . GO-based analysis was performed using the Panther database (http://www.pantherdb.org). The GO terms under the category "biological process" that were most represented (>7%) in the SCNT placentas included "signal transduction (14%)," "immunity and defense (10%)," "transport (8%)," "protein metabolism and modification (8%)," and "developmental processes (7%)." In particular, the proportion of genes under "biological process unclassified" was 12% (Additional file 2: Figure  S1 ). Under the category of "molecular function," genes were classified into 27 categories by GO, the most represented ones being those for "select-regulatory molecule (9%)," "signaling molecule (9%)," "transporter (7%)," and "oxidoreductase (7%)." Sixteen percent of genes were categorized under "molecular function unclassified" (Additional file 3: Figure S2 ). The number of classified genes constitutes the number of categories calculated after excluding the overlapping ones.
Imprinting gene expression in the clones
Next, we focused on the expression profiles of imprinted genes in placentas. Of the 34 imprinted genes identified, none showed differences (>2-fold) in expression between the SCNT and aggregated SCNT placentas. Of these 34 genes, two Slc22a18; Slc38a4 showed higher expression (>2-fold) in the aggregated SCNT placenta than in the controls. Conversely, Igfbp6 was down-regulated (>2-fold) in the SCNT placentas than in the controls. Six genes Ppp1r9a, Tssc4, Ascl2, Cd81, Pon2, and Slc22a2 were placenta-specific imprinted genes that are expressed on the maternal allele in mice and humans. All these six genes were similarly expressed between the SCNT, aggregated SCNT, and control placentas. Most of the imprinted genes showed lower expression in SCNT placentas than in the controls (Table 5 ). 
Gene expression analysis by qRT-PCR
To validate our microarray analysis, we performed qRT-PCR analysis for the 12 genes identified (Fig. 2) . With regard to the down-regulated genes that were identified by microarray in SCNT placentas, three Chac1, Slpi, and Nrn1l were confirmed to be down-regulated in the SCNT placentas by qRT-PCR. Eight genes Plac1, Slc38a4, Rprml, Pla2g4f, Pla2g4d, Hsd17β7, Hmox1, and
Car2 were identified as up-regulated by >2-fold in the SCNT placentas. Six of these genes Slc38a4, Rprml, Pla2g4f, Pla2g4d, Hsd17b7, and Car2 were confirmed to be up-regulated by qRT-PCR (Table 6 ). The fold change in expression of H19, a known imprinting gene, was found to be 1.1 in the microarray analysis indicating, that its expression level was similar in the SCNT placentas and controls, and confirming that the results of qRT-PCR correlated with those of the microarray analysis. However, quantitative gene expression analysis in individual placentas showed that the expression levels varied over a wide range among the five SCNT placentas from the normal placental state.
Discussion
This study was undertaken to profile gene expression in the placentas of SCNT and aggregated SCNT and in vivo fertilization placentas by microarray analysis. We obtained a list of up-and down-regulated genes showing Placenta-specific imprinted genes in mice and human *p < 0.05; **p < 0.01 >2-fold difference between the SCNT and control placentas. The number of upregulated genes was lower by 75% in the aggregated SCNT placentas than in the SCNT placentas (206 → 52). The gene expression profiles of aggregated SCNT placentas were more similar to those of controls than to the profiles of SCNT placentas. The data presented here indicate that the number of differentially deregulated genes in the SCNT placentas was decreased by 94.2% (85 → 5) in the aggregated SCNT placentas. These results are consistent with those of a direct comparison between gene expression in cumulus and ES cells of SCNT placentas, where there was a similar number of deregulated genes between both cell types [13] . Inappropriate reprogramming frequently occurs in somatic cell-cloned embryos [21] , resulting in various deregulated gene expression patterns and epigenetic modifications in both the placenta and fetus [13] . Thus, the differences in gene expression were remarkably reduced by the aggregated SCNT method. The majority of aberrantly expressed genes were common to placentas cloned with ES or cumulus cells [13] . This indicated that placentomegaly in cloned mice is independent of the nuclear source of donor cells [6, 22, 23] . Therefore, aggregation of the tetraploid embryos utilized in this study have the key potential to reduce aberrant gene expression during the production of cloned mice, regardless of the nucleus source.
Many abnormalities in cloned animals suggest imprinting disruptions [24] . Placentomegaly was observed upon deregulation of imprinting genes such as H19 [12] , Esx1 [10] , and Ipl [11] . Although H19 was shown to be one of the variable genes among cloned animals, its expression showed no variability in the presented microarray results, confirming previous results [13, 25] . It is also reported that the expression of insulin-like growth factor 2 receptor (Igf2r) was increased in placentomegaly [26] . In the present study, Igf2r expression was marginally reduced. Most of the identified imprinted genes showed a decreased expression. These results indicate that the decreased expression of those imprinted genes is caused by reduced expression of the normally active allele [25, 27] . However, only three genes Slc22a18, Slc38a4, and Igfbp6 were expressed differentially between both placentas of SCNT and control placentas. In the "biological process" category, the largest number of deregulated genes represented signal transduction (14%) proteins. In contrast, the largest number of genes in the molecular function category remained unclassified. Thus, it was very difficult to identify the specific causative genes of placentomegaly in SCNT placenta, but the condition seems to be caused by multiple-gene dysfunction. In the present study, we assessed differences in the expression of placenta-specific genes between SCNT and controls by qRT-PCR. These differences in expression were confirmed for eight genes. Plac1, a placenta-specific gene, is known to be expressed exclusively by the cells of the trophoblastic lineage in mice [28] . The other seven genes Slc38a4, Rprml, Pla2g4f, Hsd17b7, Hmox1, Car2, and Pla2g4d were specifically expressed in SCNT placentas. In the present study, Plac1 is considered a candidate gene involved in placentomegaly in NT placentas, as reported previously [14] . Thus, these genes need to be systematically studied to resolve placentomegaly.
The altered expression of hundreds of genes in SCNT placentas may be related to the high mortality rate of cloned embryos [13] . According to Miki et al. [19] , the extraembryonic lineages could be composed of tetraploid cells, the population of which was increased in full-term placental tissues. Specifically, tetraploid chimeras are considered the most outstanding result, since they enable the production of whole stem cell-derived mice offspring, whereas offspring could not be produced using the inner cell mass and pluripotent cells in chimeric rhesus monkeys [20, 29] . In the present study, our results are consistent with those of previous reports indicating that most clones show gene expression abnormalities resulting in subtle phenotype changes [30, 31] , premature death [32] , placental hyperplasia [19] , or obesity [33] .
These results are thought to be caused by aggregation of tetraploid embryos leading to the recovery of downregulated gene expression in the SCNT placentas.
